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WIND TUNKEL TEST CF THE 0.015-SCALE ROCKWELL 
INTERNATIONAL SPACE SHUTTLE VEHICLE ORBITEP IN 
THE AMES 6- BY 6-FOOT SUPERSONIC WIND TUNWEL 


By M. D. Milam and T. J. Dziubala 
ABSTRACT 


Experimental investigations were performed in the Ames Research Cen- 
ter 6- hy 6-Foot Supersonic Wind Tunnel on a 0.015-scale model of the 
Rockwell International Space Shuttle Vehicle (SSV) 2A orbiter in the 
period of April 18 through May 4, 1973. The purpose of the test was tc 
investigate the longitudinal end lsteral-directional cheracteristics of 
the vehicle. In addition, hinge moments were measured on the rudder and 
elevons. Buffet onset was investigated using wing trailing edge pressures 
and a strain gauge inatrimented panel mounted in the wing. | 

The model was tested through e Mach range from 0.6 to 2.0 ata 
constant unit Reynolds number of 2.5 milion. Pitch runs were made at 


angles of attack from ~-2° to +26° with 6 = 0° and 5° ; yaw runs were made 


| in the range from -5° to 10° of sideslip at angles of attack of 0° and 


10°. Static pressures were measured at the fuselage base and the trail- 
ing edges of the wing and rudder. Boundary layer transition was fixed 


for some runs using distributed roughness strips. 
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INTRODUCTION 


Tests were performed on a 0.015—-scale model of the Rockwell Inter- 


national Space Shuttle Vehicle 2A orbiter in the Ames Research Center 


6- by 6-Foot Supersonic Wind Tunnel during the interim of April 18 


through May 4, 1973. The shuttle program test identification number is 


OA43 and the NASA Ames Gesignation is 66-706. 


The primary test objectives were: 


a. 


Ce 


ad. 


f. 


Ke 


to verify estimates of the stability and contrcl of the 
baseline 2A configuration; 

to evaluate the effects of camber by testing a wing of 
identical planform composed of symmetrical airfoil sections; 
to determine elevon, eileron and rudder effectiveness ; 

to determine the effect of the cody flap on trim; 

to determine the effect of the speed brake on longi- 
tudinal characteristics; 

to measure hinge moments acting on the rudder end right 
wing elevcns 5 

to determine buffet onset by means of wing trailing edge 
pressure taps and a strain gauge-instrumented parel mount- 
ed in the wing. Boundary layer transition was fixed for 
this portion of the teet using strips of distributed rough= 
ness. Effectiveness of the trips was verified at M = 1.2 


by means of sublimatior techniques. 
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In audition, pressures were measured at the base of the speed brake 
and fuselage; the latter were used to provide an adjustment to axial 
force. 

The model was tested in pitch from -2° to 26° at sideslip angles 
of 0° and 5° and in sideslip from -5° to 10° at angles of attack of 0° 
and 10°, Tunnel conditions were varieu from M = 0.6 to 2.0 at a unit 
Reynolds .wmber of 2.5 million. 

Personnel involved in the test include M.D. Milam and T.J. Dziubala 
(Rockwell wind tunnel representatives) T. Cornelius and C. McGloughlin 
(Rockwell aerodynamics representatives) and T. McGrath (ARO project 


engineer). 
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NOMENCLATURE 













| | General 
| | SADSAC 
| SYMBOL SYMBOL DEFINITION 
a speed of sound; m/sec, ft/sec 
Cp cP pressure coefficient; (p, - Pa)/a 
y M MACH Mech number; V/a 
| p pressure; N/m, psf 
t | q Q( NSM) dynsmiic pressure; i/2pv°, N/m’, psf 
i Q( PSF) 
{ RN/L RN/L unit Reynolds number; per m, per ft 
| v velocity; m/sec, ft/sec 
| a ALPEA angle of atteck, degrees 
i | B BETA angle of sideslip, degrees 
- | | y PST angle of yaw, degrees 
: ¢ PHI angle of roll, degrees 
| p mass density; ke/m>, siugs/ft- 
ai Reference & C.G. Definitions 
Ab bese eres; me, ft | 
b BREF wing spen or reference span; m, ft 
| CoS center of grevity 
| heer LREF reference length or wing mean 
| C aerodynamic chord; m, ft 
| S SREF wing eree or reference area; mn, rt? 
i MRP moment reference point 
XMRP moment reference point on X axis 
YMRP moment reference polut on Y exis 
ZARP moment reference point on Z axis 
SUBSCRIFTS ; 
base g 
locel 


static conditions 
totel conditions 
free stream 
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SYMBOL 


Ch 


L/D 


SADSAC 
SYMBOL 


CA 


CAB 


CAF 


CBL 


CL 
cD 
CDB 


CDF 


CIM 


CIN 


CSL 


L/D 


NOMENCLATURE (Continued ) 


-Axis System 
DEFINITION 
normel-force coefficient; ze 
exiel-force coefficient; 2% ot force 
side-force coefficient: — 
base-f-rce coefficient; bese force 
q 


“Ay (Pp - Po)/aS 


forebody axial force coefficient, Ca - Chy 


vitching-moment coefficient; pitching momen 
QF REF 


yawing-moment coefficient; yewing comet 


rolling-moment ccefficient; rolling monees 


Stability-Axis System 
lift coefficient; = 


drag coefficient; drag 
qs 


pase-dreg coefficient; e8e rk 
forebody drag coefficient; Cy - CD, 


side-force coefficient; 


pitching-moment coefficient; itching noment 
aslner 
yawing-moment coefficient; vow ane ponent 


rolling-moment coefficient; ae moment, 


lift-to-dreg ratio; Cy/Cp 


side force 
S 
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In addition to the standard notation, the following are special to this 


ee ee - 


test. 
: Plot 
Symbol Symbol Definition 
Ch CHET inboard elevon hinge-moment coefficient, positive 
I tending to turn trailing edge down 
| Ch. CHEO outboard elevon hinge-moment coefficient, positive 
| 0 tending to turn treiling edge down 
3 Chen CHE sum of CHEI and CHEO 
i Ch,. CHR | rudder hinge-moment coefficient, positive tending 
to turn trailing edge to left 
} Ch CBLBFT slope dCy/dp, 8 = -5° to +5° 
4 
i | Cre CYBETA slope dCy/ds, # = -5° to +5° | 
( | ; 
E> : 
ok ong CYNBEE  sicpe dCp/dp, 6 = -5° to +5° | 
| Chg DCHRDB slupe aC,,/d8 
po Chan DCHRDR (Chan ayo - Chgpigo)/6R = X° 7 
: Cha. DCBLDA (Che, 2x0 = Cf, .00/68 = x 
nage DOXNDA (Cr gaax0 " Cn gq000)/68 =x 4 
C Dcy/DA (Cy - Cy o)/éa = x : 
Yéa | da=X° da=0 v 
DCBED : = x0 :. 
Che Bo (Cf, yo Cho /F | | 
Ong DOYNDB (Cayo Ong _ /8 > x e 


“xg Dey/DB (Cys yo” Cys 0/8 = © 
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DCBLDR 


DCYNDR 


DCY/DR 


DCA 


DCAB 


DCAF 


DCD 


DCDF 


DCHE 


DCL 


DCBL 


DCLM 


DCN 


DCYN 


DcY 


CDAFO 


CDFAFO 


CLA®O 


er ee Aer, Ue 
a oO Le, eres 


oer ees 


(Cc 
L spey° 


(c = 
Ds R=x° 


(Cc - 
TeR=x° 


increment al 
incrementar 
incrementas 
incremental 


incremental 


incremental 


tncremental 
incremental 
incremental 


incremental 


Cy ) /&R=X? 
§R=0° 


C, ) /SR=xX° 
5R=0° 


Cy ) /ER=X° 
SR=0° 


axial-force coefficient 

* se axial-force coefficient 
forebody axial-force coefficient 
drag coefficient 


forebody drag coefficient 


hinge-moment coefficient 


lift coefficient 
rolling-moment coefficient 
pitching-moment coefficient 


normal-force coefficient 


incremental yawing-moment coefficient 


incremental 


side~force coefficient 


drag coefficient at a=0 


forebody drag coefficient at a= 


lift coefficient at a = 0 
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Ch CLALFA derivative cf lift coefficiexrt with respect 
O toa, a= -5° to +5° 

Me CLMAFO pitching-moment coefficient at a=0 
a=0 | 

ae CLMCLO pitching-moment coefficient at C70 
C= 

a(L/D) say ALFLDX alpha at (L/D) yay 


(L/D) yay L/DMAX maximum value of L/D 





Xep/L XCP/L nondimensional center of pressure 
C CPBI fuselage base pressure coefficient; subscripts 
7H, i indicates tap numbers 1-9 defined in sketch 
C CPSCI fuselage sting cavity pressure coefficient; sub- 
Psc, script i indicates tap number 1] or 2 
C CPVI rudder base pressure coefficient subscript i 
7G indicates tap number 1 or 2 as defined in sketch 
C - CPWI wing trailing edge pressure coefficients; subscripts 
. PW, i indicates tap numbers 1-7 as defined in sketch 
3 | 
$a AILRON aileron deflection angle, deg., positive 
, trailing edge deflected down 
6BF BODFLP body flap deflection angle, deg., positive for 
trailing edge deflected down 
pie de -ELEVON elevon deflection angle, deg., positive for trail- 
Bat ing edge deflected down 
oe éR RUDDER rudder deflection angle, def., positive for trail- 
an. : ing edge deflected to left 
ee al  8SB SPDBRK speed brake deflection angle, deg. 


: ¢ 
Brie: 
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CONFIGURATIONS INVESTIGATED 


The test article was a 0.015-scale model of the Rockwell International 
Space Shuttle Orbiter 2A configuration, constructed entirely of Armco 
17-4 stainless steel aid consisting of the following components: 

Fuselage with canopy, manipulator arm housing and a body flap with 
settings of 0°, 8.75°, 13.75° and 14.25°. Nine flush static pressure 
taps in the base of the fuselage and two taps in sting cavity (see figure 
3b) were connected to an S-model, 48-port scanivalve located within the 
forward fuselage. 

Baseline cambered wing. Elevons on the right hand wing were in- 
strumented with strain-gauged beams for measurement of moments about the 
hinge line. Elevons on the left hand wing contained a total of seven 
flush pressure apd in the trailing edge which connected to the scanivalve 
in the fuselage to provide buffet-onset data. Fixed angle brackets were 
available for elevon deflections of 0°, 45°, £10°, £15", ~20°, -25°, -35° 
and -ho®?. A removable panel, instrumented with semi-conductor strain 
gauges was mounted in the lower surface of the left hand wing to determine 
puffet-onset. | 

Uncambered wing with the same pianform as the baseline wing but with 
no elevon cutouts or other instrumentation. 

Vertical tail equipped with a atrain-gauge instrumented beam for 
measurement of rudder hinge ponents Alternate rudders were employed 
with speed brake flare angles of 0°, 24.9° and 54.9°3 the latter two 


settings had two flush static pressure orifices located within recesses 


ve. 2 1. 
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in the base of the speed brake. 

OMS-RCS pods complete with simulated rocket nozzles. 

Boundary layer trips consisting of distributed roughness particles 
in bands 0.06 inch wide were applied one inch aft of the fuselage nose 
and 0.6 inch streamwise aft of the wing, wing cuff and vertical tail 
leading edges. As an alternate condition, the grit strip on the upper 
surface of the wing was relocated at twenty-five percent of the local 
chord. Spheres of .0053-in diameter were used for all trips except the 
one at twenty-five percent chord which was comprised of .0075 in diameter 
particles. ‘These grit heights were determined using methods described 


in reference l. 


Configuration Nomenclature 


Symbol Description 

ae Fuselage for the 2A orbiter configuration (VL70-000089B, 
92A, 93, 94) 

C. Basic 2A canopy (VL70-G00092) 

D, | Basic 2A manipulator arm housing (VL70-000092A, 93, 9h) 

E18 Elevons for the basic 2A wing (VL70-000093) 

Fy Basic 2A body flap (VL70-000094) 

M., Basic 2A OMS=RCS pods (VL70-000094) 


Basic 2A rudder (VL70-000095) 
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Basic 2A vertical tail (VL70-000095) 
Basic 2A camtered wing (VL70-000093) 
Uncambered wing with same planform as Wer (VL70~006031) 


Transition strips consisting of 0.06-inch wide bands of 
0.0053-inch diameter particles located 0.6 inch streamwise 
eft of the leading edges of the wing, cuff and vertical 
teil (both sides) and at 1.0 inch. aft of the fuselage 
nose 


Transition strips same as ar but with upper wing surface 
0 


grit size increased to 0.0 inch and located at 25 
percent of local chord length. 


Configurations Tested 


See table 2 for the configurations tested. 


Orbiter = Bio C, D, M, Fy, Wer Eg Ve Ry. 


TEST FACILITY 


The Ames Research Center 6-by 6-Foot Supersonic Wind Tunnel is a4 


variable pressure, continuous flow facility. The nozzle leading to the 


test section is of the asymmetric sliding-block type which permits a con- 


+tnuous variation of Mach number from 0.6 to 2.3. The test section has 


a perforated floor and ceiling with provisions for boundary layer removal. 





ee 





Fy 





P: oe 2 ‘ 
oy ela er PSE 2 RA ates ar eS SO EE Rn STERN emer eed ae ter atte Pei SR Ue LR A ae ae EEE fae ee Oe vam end a inne era A A a Eg NT te me Rm mR ee Se pg eR TE SOE RR TAR Re 


() 


TESTING AND PROCEDURE 
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Tne investigation was conducted at Mach numbers 0.6 to 2.0 and at 
unit Reynolds number 2.5x10¥ ft. Data were obtained at nominal space 
shuttle angles of attack from -2 to 26 degrees and at sideslip angles from 


-5 to 10 degrees. For a listing of test conditions, see table 1. 


oe ye lt 


Elevon, rudder, speed brake and body flap deflections were investi- | 


gated. Several stages of model buildup were also investigated. An un- 


fae g tint aly Od Fe ee 


cambered wing with the same planform as the cambered wing was run to 


a 


obtain a base from which to compare data. During a portion of the test, 


grit was applied to the model in two configurations; this part of the 


Boundary layer trips consisting of distributed roughness particles 


EO i ne en ee ie 


in bands 0.06 inch wide were applied one inch aft of the fuselage nose 


and 0.6 inch streamwise aft of the wing, wing cuff and vertical tail 


PP PEI NOE FTN: 5 OMENS At eT 3 40 
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ra 
€ 


leading edges. As an alternate condition, the grit strip on the upper 


: 
i 
| 
j 
; 
. 
j 


| 
| 
i 
test was used specifically to study buffet onset. 
surface of the wing was relocated at 25% of the ©>cal chord. Spheves of 
.0053-in, diameter were used for all trips except the one at twenty-five 
percent chord which was comprised of .0075-in. diameter particlen. These 
| grip heights were determined using uethods described in reference l. 
| 
we] The model was sting mounted through the fuselage base. Force and 
| moment data were obtained from an internally mounted six-component strain- 
gage balance. Twenty model pressures were measured including two sting 


cavity, nine base, two rudder trailing edge end seven left wing trailing 


edge pressures. The right wing inner and outer elevons and rudder were 


J i bd 4 ARs 
Re ey fn ( \ 
erie, } 7 









Media Wah WA a ee ee a) na So xis came aa Ne Nee SN a 2 alee 





tet So = 


rer 


Sarre A bt ty re 


ees 
i] 
tt 
' 
- 
C7 
* 


eh 


{ ‘ oe 
{ie 
Bs yak 
fa Pe 2 ne 
eta 
th a§ 
7! 4 


rw | - oe ees ee pm 


instrumented using strain gages to give hinge moments. 


During the buffet 


Onset portion of the test, a strain-gage instrumented plate was attached 


to the left wing and root-mean-square data of the varying load were cb- 


tained, 
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The balance data were reduced to coefficient form and corrected for 
model weight tares, base and balence cavity pressures and model support 
deflections due to air loads. ‘Two sets of longitudinal stability 


coefficients were calculated, one was based on C axial-force cczrficient 


7 DATA REDUCTION 

, with balance cavity pressure adjusted to the weighted average base pressure 
and one based on te axial-force coefficient with balance cavity and 
weighted average base pressure adjusted to freestream static pressure. 


The balance cavity axial-force coefficient resulting from the 


balance cavity pressure was calculated as indicated by equation (1). 


A 
; Cc, = =e p/2 (F,4P,)-F, | (1) 
aa c as 
a | 
| The base axial-force coefficient was calculated as indicated 
| 
| in equation (2) 
| ; 
! CA =. [(P,-P)(4 +4] / QoS (2) 
7 The model axial-force coefficients were calculated as indicated 
in equations (3) and (4). 
s A 
ee ag a | (3) 
| ys | Chm Cyn Oy (4) 
ae The angles cf attack and sideslip were corrected for flow angularity, 
rey : where applicable. | 


The moment reference center was located on the fuselage reference 
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line and 12.147 inches aft of the nose. 
Data repeatability for the test was established by 


points and is as follows: 


Cr 


C2 C2 
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40.004 


+0 .002 


+0.002 


+0 .004 


+0.001 


+0.001 


+0 00) 


+0 .001 
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+0 .04 


-) 
Oo 
it 


+0 ,002 


nw 


+0.002 


.@) 


+0,004 


a ae 


a = +0,05° 


g = +0,05° 


+0.01 


M 


RN/L=+0.03 
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Reference Dimensions and Constants 
Symbol Definition 


A, Net fuselage base area normal to 
balance axis 
Complete model, rt? 
Body flap on, OMS pod off, rata 
Body flap off, OMS pod on, ft 


Base weighted areas are presented 
in tabie 4 


em ee ne ee ee oe 


brane cavity cross-sectional area, 0.03k 
ft 


Span of wing, ft° 14.050 


Mean aerodynamic chord of combined 1.360 
elevon (B, 9) panels, in. 


Mean aerodynamic chord of rudder, in. 1.116 


Mean aerodynamic chord of wing, in 7.122 


| 
| 
I 
i 
t 
i 
| 
| 


Vehicle center of gravity longitudinal 13.147 
location relative to model nose, in. 


Vehicle center of gravity vertical YRL(Z=6.00) 
location, in, 


ee ee te er ee 


Location of balance center aft of 13.63 
fuselage nose, in. 


we oe 


Vertical location of balance center- W.L. 5.85 
line in. 


Reference length of fuselage, in. 19.92 


Total planform area of two elevons, (E Q 0.0462 
ne 1 
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wD may 
3 Kudder area, ft“ 0.0222 
S, Wing reference area, fee 0.605 
REFERENCES 


Braslow, Albert L.; and Know, Eugene C.: Simplified Method for 
Determination of Critical Height of Distributed Roughness Particles 
tor Boundary-Layer Transition at Mach Numbers from 0 to 5. NACA 


TN 4363, 1958. 
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TABLE ]. 





TEST ¢ ARC 66-706 [DATE $1/18-5/4/73 | 
TEST CONDITIONS 
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATUR 
| MACH NUMBER (per ft.) (pounds/sq. inch) | (degrees Fahrenheit) 
| | | el 

a ee ee (500) | _ 80-99 

1.9 2.5 x 10° (525) 85-99 

1.2 2.5 x 10° (490 80-90 


0.9 2.5 x 10° (410 80-90 


0.6 : 2.5 x 10° (310 


Runs 33-34 





BALANCE UTILIZED: Task 2.0" MKIII E 
COEFFICIENT 


NF 900 LB. 
NA 200.13. 


AF 160 LB. 


YF 5 IB, 


va _-¥5Q_1B. 
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TABLE 2. 


DATE 4/18 - 5/4/73 
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TABLE 3. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT :__ Bony » B10 
GENERAI. DESCRIPTION : oun DEL MING SELASE 2 LIMES V0. 00009, WITH 
2A CONFIGURATION I WEORBITER © 

SCALE MODEL = .015 (18-0) 


ee neal 


ae me en ee me ee ee te © Pat 


DRAWING NUMBER: __VL72-000061__VLT0-c00093 


VL72-000061 _ VL70-C00093 in 


rae et me ee ee et RT a a me te 











I DIMENSIONS : FULL SCALE MODEL SCALE : 
| | Length ~ in. | 1328.3 19.92h ‘ 
a Max. Width ~ in. (@ X, = 1528.3) —205.0 3.975 : 
i Max. Denth « in. (@ X, = 1480.52) __ 248.0 Sele’ 
| : Fineness Ratio 5.012 5.012 
: Area - rt? eee ee 
Max. Cross—Sectional 640 = 0 102T 
Planform 
Wetted 
Buse 
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MODEL COMPONENT :___ CANOPY - Ce | 





TABLE 3. - MODEL DIMENSIONAL DATA ~ Continued. 





GENERAL DESCRIPTION : __ 2A CONFIGURATION PER LINES VL70-00009e. 








DRAWING NUMBER : VL70-000092 


DIMENSIONS : 


Sto. Fwd. Bulkhead, in. 

Sto. T. EY in. 

Canopy Intersects Body ML, in. 
Fineness Ratio 

Areo 


Mox. Cross-Sectional 


Planform 


Wetted 


Base 


No info on view angles 


FULL SCALE 


391.00 


560.0 





1.00 





TI 
LTP 


MODEL SCALE 


5 865 


8.400 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : NANIPULATOR HOUSING - Dp 


GENERAL DESCRIPTION : _cA CONFIGURATION, LIGHT WI ORBITER PER LINES 


rere eer enema 


ee eee 


SCALE MODEL = 0.015 


DRAWING NUMBER: — YL70-000093 | 


DIMENSIONS : 


Length = IN. 
Max. Width = IN. 


Max. Depth ~ IN. 


Fineness Ratio 
Area 
_ Max. Cross—Sectional 
Planform 


Wetted 


Base 


& Fuselage, BP 2 0.0 INFS 
WP = 500.0 INFS 
X,426.9 to 1307.0 INFS 





MODEL SCALE 


: 


~ 765 


| 


0.345 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 





MODEL COMPONENT: WING - “97 NEW LIGHTWEIGHT ORBITER 
() GENERAL GESCRIPTION: _ovinger configuration per Lines vi70-00000° 
NOTE: _NOTE: (Dib: 2dral angle is defined at the lower surface of the wing at the 7. 33% 
| element line projected into a plane perpendicular to the FRL. ) 
| 7 
: TEST NO, ____ DWG. NO .—¥L70-000093-———— 4 
| DIMENSIONS: FULL-SCALE MODEL SCALE 
! : TOTAL DATA ' 
Area(Theo.) ~ Ft@ | 
i | Planform 2690.00 0.605 : 
ve pooped | 
: | Span(Theo) In. , 936.68 } . 
; Aspect Ratio 2.265 RS 
7 | Rate of Taper 1.177 L177 
: | | Taper Ratio 0.200 0.200 
( : Dihedral Angle, degrees . > 500 3,500 
|, Incidence Angle, degrees 3,000 3.000 
‘: Aerodynamic Twist, degrees +3,000 +3,000 
an Toe~In Angle a 
! Cant Angle 


| Sweep Back Angles, degrees 





Leading Edge 5.000 45,000 
| Trailing Edge 10,24 “10,24 
im ' 0.25 Element Line 35.209 35.209 
| 5 sage ore in. 
| ot (Theo) B.P.0.0. © 689.24 42.49 —— 
| Tip, (meo) B.P. 237.82 2.060 
| "MAC 7k Ai —~n122 
Fus. Sta. of .25 MAC 1236,89 17.053 
W.P. of .25 MAC | 209,20 4488 
B.L. of .25 MAC 182.13 2.732 
Airfoil Section © ee yes = 
Root ws 
EXPOSED DATA = 





te ql 
Bec |! Tip 
| 


. 2 Te Area (Theo) sas } 152.29 0,394 
(ae Span, (Theo) ~ 4 BP108 to 468.341 720.68 Lo B10 
aan i Aspect Ratio 2 058 2.066 
Bew T| — Ratio: 0,245) 0,245) 
ee ords | 
f Rootppi08 | - 3 562.40 6.436 
ay Ms at 137.85 2,068 
: C | 
: | fer eg MAC 1185. 1 -! 3 
a W.P. of . 00.20 4.50 
} | (.) B.L. of .25 MAC 143.76 2,156 


NASA-MSFC-MAF 





| 

| 
: 
i 
’ 
7 
: 
{ 








TABLE 3. =- MODE DIMENSIONAL DATA ~ Continued. 


MODEL COMPONENT : WING - “87 NEW LIGHTWEIGHT ORBITER (Continued. ) 


Airfoil Section (Rockwell Mod NASA) 


XXXX-64 0 

BOR 5 = 0. hes): a ae 

Tip b _ —O212_ 0.12 
2° 1.00 
Data for (1) of (2) Sides 

Leading Edge Cuff 2 eee Seta 
Lanform Area ~ Ft 120.33 0.0271 
Leading Edge Intersects Fus M. L. @ Sta “5,400 _ 

Leading Edge Intersects Wing @ Sta 1035.0 15.525 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : ELEVON E-18 


GENERAL DESCRIPTION: 2A CONFIGURATION PER W-87, LINES VL70-000093 


DATA FOR (1) OF (2) SIDES 


a 





ee ery 


MODEL SCALE = 0.015 . 


DRAWING NUMBER: VL70-000093 


ME he dey 


DIMENSIONS: FULL-SCALE MODEL SCALE 


s-?* gir 


Area ~ ft° | 205.517 0.06 


«aL. 


Span (equivalent) - in. 353.34 5.300 


Inb'd equivalent enone 115.0 in.), 114.78 1.722 
ne 

Outb'd equivalent chord(B.P. 468.3 in.), 55.00 0.825 
i — 


| 

Ratilo movable surface sare) | | 
total surface chord | | 
At Inb'd equiv. chord 

At Qutb'd equiv. chord | 
Sweep Back Angles, degrees 
Leading Edge : | 
Tatling Edge 


Hingeline 


Area Moment (Normal to hinge line)- ft? __ 1548.07 
Product of Area Moment 


NOTE: The elevon panel consists of sn inboard and outboard segment. 
The split line dividing the segments is at B.P. 2@1 inches 
full scale (B.P. 4.215 inches Model Scale). 


Fh 
a 


MASA-W FC-MAF 


TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : VERTICAL - V5 (Lightweight Orbiter Configuration) 


GENERAL DESCRIPTION: Centerline vertical tail, double wedge airfoil with 


__Centerline vertical tail, COW 


rounded leading edge. 


SCALE MODEL = 0.015 | 


DRAWING NUMBER: VL70-000095 
DIMENSIONS : FULL-SCALE MODEL SCALE 
TOTAL DATA 
Pianform 


Span (Theo) ~ In. 
Aspect katio 
Rate of Taper 
Taper Ratio 
Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: ~ in. 
Root (Theo) WP 
Tip, (Theo) WP 
MAC 


a lle 
aati 


—_ 
iO 
—” 
na 
2 
A) 
oO 


\O 
\o 


IS 
| 


Fus. ae MAC 1463.50 21.9900 

W.P. of . 635.522 9,533. 

B.L. of .25 MAC 0.00 0.00 
Airfoil Section eo eS =a 

Leading Wedge Angle Deg 10.000 * 10,000 

Trailing Wedge Angle Deg 14.920 14.920 

Leading Edge Radius 2,00 2,000. 
Void Area ~ ft 13.37. 0.0030 


Blanketed Area | 12.67 0.0028 
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TABLE 3. -— MODEL DIMENSIONAL DATA - Continued. 





an 
al 


mopeL COMPONENT: _ FCDPER 5 es 


GENERAL DESCRIPTION: _=* CONFIRGURATION PER LINES VL70-000095 q 
= s ee a | | 


ne ee nee ee ee ee 
Danes al 


o - a ee " = 
¥ 





SCALE MODEL = 0.015 
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DRAWING NUMBER: ___VLT0-000099 


2 a aU a A Wee Od 


ee ee 


FULL-SCALE MODEL SCALE 














DIMENSIONS: 

| Area ~ rté 106. 38 0,024 | ; 

: Span (equivalent) ~ in. 201.0 3.015 a 
. 


Inb'd equivalent chord ~ in. 91.585 1.374 
Qutb'd equivalent chord ~ in. 50.833 0.762 


Ratio movable surface chord/ 
total surface chord 


-~ ¢ 
erm epi em ee eee kee arene 
cow eee me re nc Oe Se 
~— 


At Inb'd equiv. chord | ___0400__ 0,400 2 
0.400 0.400 


: TAT OEAIE YE EMR IT I tire ee: Wen ake 0 @ Peary PS fat ee oe tae 
. : wrt 


ee 


At Outb'd equiv. chord 


Sweep Back Angles, degrees : | 


Leading Edge 34.83 34.83 


Tailing Edge 26.25 26.25 


FT Hingeline ee a 


Wy ad 
" 


TT ars ee er oe ee aa S, 


=. A TEEAEPIE A ACE I pa Bho pam cacles 5 Raby AAO wi peng bs 
a * on . 
ae — Sg 
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Area Moment (Normal to hinge line)- ft3 526.125 0.0018 
Product of Area and Mean Chord 
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TABLE 3, - MODEL DIMENSIONAL DATA - continued. 
MODEL COMPONENT :_—__S_= 78 = Es | a, 


GENERAL DESCRIPTION : __2A LIGHT WT CONFIGURATION PER MCL2007N) an: 


PER LINES VL70-000094. ) 7 | 
i 


on ea en athe a bee! 


ae ae 
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ry 7 





7 SCALE MODEL = 0.015 

{ 

a a 

DRAWING NUMBER : ———¥270=000094 a 

| — 

1 DIMENSIONS : FULL SCALE | MODEL SCALE : 

i Length ~ in. ose 2.190 

Pa Max. Width ~ in. @ X, = 1450.0 108.0 1.620 
Max. Depth'~ in. @ X, = 1500.0 113.8 ae Alene ; 
Fineness Ratio 


Area 


Rua, 


Mox. Cross—Sectional 


MEET 


PEEL 


Planform 4 
Wetted 
Base : 

: 


€ OF OMS POD 


463.9 INFS 


Z, = 463.9 INCHES FS; WP 400.0 + 63.9 
6.959 INMS 


6.000 + .959 
Y, = 80.0 INFS, 1.20 INMS 


FROM FUSELAGE STATION 1214.0 to 1560 INFS = 346.0 INFS 
18.210 to 23.40 INMS = 5.190 INMS 
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TABLE 3. - MODEL DIMENSIONAL DATA - Continued. 








MODEL COMPONENT: ___"8 - OMS Nozzle 
GENERAL DESCRIPTION: Basic OMS Nozzle of the 2A Orbiter Configuration 
! (VLT0-000089"'B" ) — 


SCALE MODEL = 0.01) 
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DRAWING NO. 
VL70-008306 
DIMENSIONS FULL-CCALE MODEL SCALE 
| | MACH NO N/A 
| DIAMETER DEX ~ IN 50.00 0.750 
: DIAMETER DT ~ IN N/A —_ 
| | DIAMETER DIN ~ IN 28,00 _ 0.420 
ah | 
} ! ON ~ DEGREES N/A . 
| 7 AREA ~ ft 
| 
_ MAX CROSS-SECTIONAL 13.635 2003067 
' OMS GIMBAL ORIGIN +8.0 deg. Xo Yo 2 
' 
iu RIGHT NOZZLE ~ IN 1518 88.0 hg2 
LEFT NOZZLE ~ IN 1518 ~88.0 492 
i 
| NULL POSITION PITCH __YAW 
‘é ia 
ret RIGHT NOZZLE ~ DEG. 15°9' 12°17! 
| LEFT NOZZLE ~ DEG. 15°h9! 22°17! 
| 
: NOTE: Intersection of nozzle exit plane 
' and nozzle centerline ~ in. 
: X, 1570.73 23.561 
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TABLE 3, - MODEL DIMENSIONAL DATA - Concluded. 


MODEL COMPONENT : 2 # BODY FRAP 


GENERAL DESCRIPTION : 
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2p CONFIGURATION PER LINES VL70-000094 
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SCALE MODEL = 0.015 | 


DRAWING NUMBER - VL70-000094 "A" 


DIMENSIONS : 


Length ~ in. 


Max. Width ~ in. 
Mex. Depth ~ in. 
Fineness Ratio 
Area , ft" 


Max. Cross—Sectional 


Plonform 


Wetted 


Bose 


FULL SCALE 


265.00 


21.00 


MODEL SCALE 
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. Weighting Areas (A,) Ft® 
: 
. | Fuselage Base Complete Body Flap OMS Pod 
7 Pressure Tap Model off Off 
1: t 
4 Bis 0.00450 0.00450 0.00450 
c a 
? i | 
a 
mi Pao 0.01100 0.01100 0 
td .069 D. 0 
| i! PR 0.06988 o.90988 
} sy 
’ 7 Poy 0.00998 0.00998 0.01530 
po 
ov Bae 0.01409 0.01409 0.01409 
ec 
| : Pee 0.00845 0.01390 0.00845 
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. 3 
= 0.0 
i Pag 0.00080 0 0080 
: .003 fe) 0.00306 
: : Pao 0.00206 a 3 
' EA, = 0.0630 0.0662 0.0474 
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